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[57] ABSTRACT

A drive assembly for tracked vehicles includes a gas
turbine engine with separate turbine shafts driving a
vehicle propulsion speed change gear box and a steering
unit. In one embodiment, the gear box is driven by a
working turbine wheel output shaft while an infinitely
variable steering unit is driven by a turbine compressor
shaft. In an alternate embodiment, the steering unit
comprises a reversing gear driving a zero shaft and with
the steering unit being driven by a separate stage turbine
wheel having adjustable nozzles or vanes. A further
embodiment permits the elimination of the reversing
gear in the steering unit by providing adjustable turbine
vanes and/or blades which are capable of reversing the
direction of rotation of the wheel which drives the
steering unit shaft. In some embodiments, auxiliary
steering power is provided in the event of an engine

failure through a power takeoff from the working tur-
bine shaft.

10 Claims, S Drawing Figures
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1 _
TRACKED VEHICLE DRIVE ASSEMBLY
BACKGROUND OF THE INVENTION

" 1. Field of the Invention - | :
The present invention relates generally to power
transmission in tracked vehicles such as tanks and more

specnﬁcally to an improved drive assembly: for: power-
10

ing a steering unit and a vehicle propulsmn gear box
2. Brief Description-of -the Prior: Art - .
Drive assemblies for tracked vehicles havmg a hydro-
dynamtc-mechamcal speed change géar box for:vehicle
propulsion, i.e. travelling drive; and with an infinitely

variable superimposed steering unit have been disclosed
in the following patents: Federal Republic of Germany |

Pat. No. 1,480,725 (corresponding to United Kingdom
Pat. No. 1,155,867) and Federal Republic of Germany

15

application No. 2,521,331 (corresponding to United

Kingdom Pat. No. 1,526,542). The ~vehicle engines
which drove such assemblies were either diesel or mul:
tiple shaft gas turbines with the working turbine wheel
shaft separate from the gas compressor stage.

20 .

The infinitely variable steering unit was preferably N

driven from the primary side of a hydrodyanmic con-

verter while the speed changé gear box (for vehicle

propulsion) was driven from the secondary side of the

secondary side of the converter rotatmg s]owly or net
rotating at all. S | | -
The employment of hydrodynamic converters for
power distribution between the speed change gear box
and the steering unit presented certain disadvantages.
Initially, the hydrodynamic converter increased the
size, weight and cost of the drive assembly In addition,
the converter provided a component in the drive assem-
bly which was a potentlal source of malfunetlen |

SUMMARY OF THE: INVENTION

The present invention relates to a drive assembly for

a tracked vehicle which powers both a vehicle propul-

25
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and the steering unit itself comprises a bevel gear link-
age to a zero shaft.

From the foregoing compendium, it will be apprem-
ate_d that it is an object of the present invention to pro-
vide a tracked vehicle drive assembly of the general
character described which is not subject to the disad- -
vantages of the prior art as aforementioned.

Another object of the present invention is to provide
a tracked vehicle drive assembly of the general charac-
ter described which is simple in construction and efﬁ- |
cient in operation. | - | |

-A further object ef the. present 1nventlen is t0 prov:de |

a tracked vehicle drive assembly of the general charac- ' .
ter.described which is low in cost as cempared todrive

assemblies of the prior art. : -

Yet another object of the present mventlen is to pro— .
vide a tracked vehicle drive assembly of the general
character described which interconnects an engine to

~ both a vehicle propulsion gear box and a vehicle steer- |

ing unit wrthout the employment of a hydredynamlc. -
cenverter | o

A still further ob_lect of the present invention is to

- prowde a tracked vehicle drive assembly of the general
character described which permits limited or no driving
of a vehicle speed change gear box with maximum oper- -

.ating speed employed at a steering unit and without the |

30
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converter. The slip. provided by the hydrodynamic “employment of a hydrodynamic converter.

converter permitted the steenng 0nit to achieve practi-
cally full driving speed in-the starting ‘state, with the

Another object of the present invention is to provide

. a tracked vehicle drive assembly of the general charac-
ter desenbed which interconnects a multiple shaft gas
‘turbine engine directly to a vehicle propulsmn speed
change gear box and a steering unit.

- Other objects of the invention in part will be obvious
and in part will be pointed out hereinafter.
With these ends in view, the invention finds embodi-

" ment in certain combinations of elements, arrangements

sion speed change gear box and a vehicle steering unit 45

from a multiple shaft gas‘turbine engine without requu'-
ing an intermediate hydmdynamlc converter. ‘The

speed change gear box is coupled to an Output shaft of

a working turbine wheel while the steering unit is cou-
pled to and driven from a different shaft connected to a
turbine wheel which rotates mdependent]y of the work-
ing wheel. As such, full power may be applied to the
steering unit while the output shaft which drives the
gear box 1s st0pped or rotatmg slowly sueh as occurs
when the vehicle is startlng

In one embodiment, an infinitely vanable supenm—

posed steering unit is driven from 4 turbine compressor

shaft while the gear box is driven from the working
output shaft. In a further embodlment ‘a simplified
steering unit which includes a reversing gear driving a

zero shaft is coupled to an eutput shaft of an indepen-

dent turbine stage. The speed of the wheel which drives

the steering unit output shaft is, Variable as a function of

a steering control through ‘an adJustable turbine vane or
nozzle assembly.

In a further embodlment the turblne vanes and/or
blades are capable of reversing the dlrectron of rotation
of the turbine wheel which drives the steering unit shaft

of parts and series of steps by which the said objects and
certain other objects are hereinafter attained, all as
more fully described with reference to the accompany-
ing drawings and the scope of which is more particu-
larly pemted out and indicated in the appended elalms

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanymg drawings in which are shown
some of the various possible exemplary embodlments of
the invention:

FIG. 1 is a schematized block dlagram of a tracked

~ vehicle drive assembly constructed in accordance with

50

335

and embodying the invention and showing the drive
assembly interconnecting a multiple shaft gas turbine
engine with a vehicle propulsion gear box and an infi-
nitely variable steering unit and with the gear box being
diiven from a working turbine shaft while the steering
umt is driven from a turbine compressor shaft;

FIG. 1a is a schematized block diagram similar to that
of FIG. 1 wherein the turbine compressor shaft and the
working turbine shaft are interconnected by a planetary |
gear set (constantly acting summation-differential gear)
in lieu of a clutch as illustrated in FIG. 1;

FIG. 2 is a schematized block dlagram of an alternate
embodiment wherein the steermg unit comprises an oil
pump driven by the compressor shaft and driving an oil

- motor and with an auxrhary oil pump belng provided to

65

drive the oil motor in the event of engine failure;
FIG. 3 is a schematized block diagram of a tracked

~ vehicle drive assembly constructed in accordance with

a further embodiment of the invention wherein a simpli-
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fied steering unit i1s provided in conjunction with a
| "steenng control which varies turbine wheel speed; and
'FIG. 4 is a-schematized block diagram. of a tracked
" vehicle drive assembly constructed in accordance with

 a-further embodiment of the invention and wherein a

~ steering control controls both the speed and direction of
a turblne wheel which powers the steering unit.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS -

| Referrlng now in detail to the drawings, the reference

numeral 10.denotes generally a tracked vehicle drive
assembly constructed in accordance with and embody-
ing the present invention. The drive assembly 10 inter-
connects a vehicle engine 12 comprising a multiple shaft

5

10

15

- gas turbine engine with a vehicle speed change gear box ,

- 14 and an mﬁmtely variable steering unit 16.
~ The turbine engine 12 includes a compressor stage 18
having a plurality of bladed compressor wheels 20
" mounted to a common compressor shaft 22. The com-

pressor shaft 22 additionally includes a power wheel 26

positioned downstream from a combustion chamber 24,

20

4

vehicle propulsion) is driven from power generated by
the working turbine whee] 28 Wthh causes the output
shaft 30 to rotate. S

In accordance with this arrangement, full power and
speed may be provided for operation of the steermg unit
16 even while the working turbine wheel 28 is in the
starting state or rotattng at a low speed. Since the lubri-
cation pump 66 is also driven from the compressor
shaft, pressure ancl lubneant supply are insured in such
instances. .

In the event of an engme fallure, vehlele steerablhty is
maintained through an auxiliary coupling which com-
prises a clutch 72 for selectively interconnecting the
turbine output shaft 30 and the compressor shaft 22.
With an engme failure occurring during vehicle motion,
the moving vehicle inertia will rotate the turbine output

shaft 30 through the gear box 14, the gear box input

shaft 36 and the gears 34, 32. Once the clutch is en--

--gaged the steering unit 16 and the oil pump 66 will be
driven from the output shaft 30. In lieu of the clutch 72,

. the auxiliary interconnection may comprise a constantly

- The power wheel 26 rotates the compressor shaft 22

-and the compressor wheels 20. In addition, the turbine

engine 12 includes one or more working turbine wheels
28 mounted to an output shaft 30. It will be observed

- ‘ate independently of the power wheel 26 and the com-
pressor shaft 22,

To power the speed change gear box-14 for vehlcle_

'pmpulsmn, a pinion 32 fixed to the ouput shaft 30 drives
a spur gear 34 which is fixed to an input shaft 36 of the
- gear box 14. The gear box 14 includes a pair of opposed
output shafts 15, 17 each of which drives an annulus of
a planetary gear set 38, 40. A sprocket 42, 44 is driven
- from the cages of the gear sets 38, 40 respectively with
~ each sprocket dnvmg one of the vehlcle chains or
tracks. |
“In order to power the steering unit 16 from the com-
pressor shaft 22 ‘pursuant to the teaching of the present
invention, a pinion 46 fixed to the compressor shaft 22
‘engages a spur gear 48. The gear 48 is fixed to an input
- shaft 50 of the infinitely variable superimposed steering
unit 16. The steering unit input shaft 50 thus operates

- independently of the turbine output shaft 30.

~ Suitable steering’ units 16 may comprise any of the
readily available conventional types such as a hydro-
- static drive with a variable delivery pump and an oil
motor or a hydrostatic-hydrodynamic drive. Vehicle
- steering is achieved by an operator engageable steering
"control 52 such as a wheel, rod or lever in a conven-

'tlonal manner.
- The steermg unit 16 includes a zero or neutral shaft

gear 58 of the planetary gear set 40. At its opposite end,

the zero shaft 50 includes a plmon 60 which engages a
'spur gear 62 which in turn is in engagement with a sun

- gear 64 of the planetary gear set 38.

- An oil feed pump:66 which may be employed for

~transmission lubrication -purposes is powered by the

turbine compressor shaft 22 through a pinion 68 fixed to

~ the steering input shaft 5§0. The pinion 68 engages a spur .
... oil feed pump 66q driven from the compressor shaft 224

~ gear 70 fixed to the oil pump input shaft.

 that the working wheel 28 and the output shaft 30 oper- |

30

‘acting summation-differential gear.

| Referrmg now to FIG. 2 wherein an alternate em-
bodiment of the invention js illustrated, like numerals
bearing the suffix “a’ have been employed to denote
components corresponding to those of the embodiment
previously described. In thts embodiment of a drive
assembly 10g, a turbine 12z identical to that of the prew-

“ous embodiment is. employed as the vehicle engine. A
steering unit 16a of modified constructlon, however, is
‘employed. The steering unit 16a comprises an oil motor

' %44 which is driven by a variable delivery oil pump 76a.

35

Normal operation of the steering unit 164 is powered by
a compressor shaft 22z of the turbine engine 124 which
drives an lnput shaft 80z of the delivery oil pump 76a
through a gearing arrangement comprising a pinion 46a

-and a spur gear 48a.

40

45

50

bine wheel 284

A bevel gear 78a fixed to the output shaft of the oil
motor 74a engages a further bevel gear 80a fixed to a
zero shaft 84a. The speed and direction of rotation of
the oil motor 744, hence the. zero shaft: 5da, 1s deter-
mined by the position of a steering control 524 which
engages a control lever of the oil pump 76a. |
A turbine output shaft 30¢ driven by a working tur-
is employed to power a gear box 14a
through a pinion 32g fixed to the output shafi 30a. The
pinion 329 engages a spur gear 34a fixed to a gear box
input shaft 36a. The gear box input shaft 364 also serves
to drive an auxiliary variable delivery oil pump 824
which provides apxiliary power for the steering unit oil

- motor 74a. The variable delivery oil pump i 1S also con-

' 84 having a pinion 56 at one end which engages a sun .

55

trolled by the steering control 52a.

In addition, a further oil feed pump 84a is prowded

' The oil feed pump 84¢ is driven from the turbine output

~ shaft 30a through the spur gear 342 which includes a

sleeve concentrte with the input shaft 36a. The sleeve

- carries a pinion 86« in driving engagement with-a spur

 In operation, power generated by the compressor :

~ power wheel 26 drives the compressor wheels 20 and
** the compressor shaft 22. From the compressor shaft 22,

- both the steering unit 16 and the oil feed lubrication
pump 66 are driven. The speed change gear box 14 (for .. :

65

gear 88a on an input shaft of the oil feed pump 84a. The
oil feed pump 844 is an auxlllary pump for lubricating
oil supply in the event of engine failure. Under normal
engine operation, lubneatmg oil is supplied through an

in a manner identical to that of the oil feed pump 66 of

the previous embodtment. |
In lieu of a hydrostattc steering mechanlsm, the steer-

. ing unit 164 may be electrically operated with the motor
”740 comprtslqg qn clcctnc motpr The input shaft S0a
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then drives a generator 764, and the input shaft 36a
drives a generator 82a.

During normal engine operation, the steerlng unit 164
1s powered through the compressor shaft 22¢ which
drives a gear train 464, 482 and 50a. Upon failure of the
turbine engine 12ag while the vehicle is in motion, steer-
ability is maintained through the oil pump 822 which
will then drive the oil motor 74a and which is powered
through vehicle inertia driving the speed change gear
box input shaft 36a. Upon such occurrence, the auxil-
iary oil feed pump 84¢ w1ll be operative for lubncatlon
purposes.

In some instances during normal englne operation
with the vehicle travelling, it is desirable to drive the
motor 74a from both the oil pump or generator 764 and
the oil pump or generator 82a.

10

15

A further embodiment of a drive assembly 10b is

illustrated in FIG. 3 wherein like numerals denote like
components of the embodiments previously described,
however, bearing the suffix “b”. In this embodiment, an
alternate turbine arrangement is provided. A turbine
engine 12b includes two working turbine shafts and a
compressor shaft. -
Vehicle propulsion power is obtained through a
‘working turbine wheel 285 fixed to an output shaft 305b.
A pair of gears 32b, 34b is driven by the output shaft 305

20

25

and drives an input shaft 3656 of a speed change gear box

14b.

A lubrication oil feed pump 665 is drlven from a
compressor shaft 2256 through a pinion 886 which en-
gages a spur gear 686 on the pump shaft.

A steering turbine wheel 905 is provided in the tur-
bine engine 125, preferably positioned upstream of the

30

working turbine wheel 285, The turbine wheel 906

drives an output shaft 9256 for independently powering a
steering unit 165. A pair of gears 465, 48b interconnects
the output shaft 926 with a steering unit input shaft 505.

In lieu of providing an infinitely variable steering unit
such as the steering units 16, 164, a simplified steering
untt 165 1s provided. The steering unit 165 comprises a
reversing gear formed of a pair of opposed clutches 945,
965, the secondary parts of which are fixed to a zero
shaft 54b. The primary part of each clutch rotates in
opposite directions, driven by the steering input shaft
500. The input shaft 505 includes a bevel gear 986 which
engages a bevel gear 1006 on the primary part of the

clutch 94b and a bevel gear 1025 on the primary part of

the clutch 965. The direction of rotation of the zero
shaft 545 will be dependent upon which clutch 9456 or
960 is engaged while the zero shaft 5456 will be fixed
when both clutches are engaged. -

The speed of rotation of the zero shaft 545 is variable

in response to the position of a steering control 52b

which controls the speed of rotation of the turbine
wheel 905. This 1s achieved by providing adjustable
turbine nozzles or vanes 1045 for directing the jets of
gas which impinge upon the blades of the wheel 905b.

A turbine vane adjusting apparatus of conventional
construction 1065 i1s provided for this purpose. The
adjusting apparatus receives signals indicative of the
speed of the steering input shaft 506 from a speed sensor
unit 1086 which operatively engages the shaft 50b. The
adjusting mechanism controls the vanes 1045, 1065
through conventional control lines. o

In operation, vehicle drive in a straight line is stabi-
hzed by engaging both clutches 945, 965. For turning in
either direction, a selected clutch is engaged while the
other clutch is disengaged. The radius of the turn is

35
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50

35

65

6

controlled by adjusting the speed of rotation of the zero
shaft 545 which is achieved by adjustment of the speed
of rotation of the turbine wheel 906. This is accom-
plished by adjusting the turbine vanes responsive to the
posttion of the steering control 52b.

A further embodiment of the present invention is
tllustrated in FIG. 4 wherein like numerals denote com-
ponents corresponding to those of the embodiments
previously described, however, bearing the suffix “c”.
A drive assembly 10c of this embodiment is similar in
construction to that of the embodiment of FIG. 3 and
includes a multiple shaft furbine engine 12¢ having a
compressor shaft 22¢. The shaft 22¢ drives a pair of

- compressor wheels 20c as well as a lubricating otl deliv-

ery pump 66c.

The turbine engine 12¢ additionally includes a work-
ing wheel 28¢ which drives a speed change gear box 14¢
through an output shaft 30c and gearing in a manner
identical to that of the embodiment of FIG. 3. In addi-

~ tion, a turbine wheel 90c drives an output shaft 92c

which engages a steering input shaft 50¢ through a pair
of gears 46c, 48c. The steering input shaft 50c drives a
zero shaft S4c of a steering unit 16¢. For this purpose, a
bevel bear 98¢ is provided on the input shaft 50¢c while
a further bevel gear 110c¢ in engagement with the bevel
gear 98¢ is provided on the zero shaft 54c. The zero
shaft may be stopped by actuation of a brake assembly
112c¢.

This embodiment differs from the embodiment of
FIG. 3 with respect to the extent of control over the
turbine wheel 90c. In this embodiment, a plurality of
nozzles or vanes 104¢ can be adjusted to vary not only
the speed of rotation of the turbine wheel 90c but also 1ts

direction. This is achieved by shifting the adjustable
vanes 104¢, the turbine nozzels and/or the blades of the
turbine wheel 90c. By also adjusting the vanes and/or
blades of the working wheel 28¢, controlled turbine
power can be selectively transmitted as needed, either
partly or fully, to the speed change gear box 14c¢ and to
the steering unit 16c. For example, maximum power
input to the steering unit 16¢ may require a reduction of
power input to the speed change gear box 14c.

Because the turbine wheel 90c can reverse its direc-
tion of rotation, the clutched reversing drive as previ-
ously employed for engaging the zero shaft is not
needed and the simple bevel gear arrangement 98¢, 110¢
has been provided.

In a manner similar to that described with reference

to the embodiment of FIG. 3, control over the turbine

wheel 90c¢ is provided through an adjusting mechanism
106¢ which controls the vanes.104¢ as well as the tur-
bine blades. In addition, the mechanism 106¢ controls
the brake 112¢. The mechanism 106¢ receives control
signals from a steering control 52c as well as a speed
sensor 108c.

In operation, the radius of turn can be controlled by
adjusting the speed of the turbine wheel 90c¢ in both
directions of rotation while straight driving is stabiliz-
ing through application of the brake 112c.

In the event of engine failure, steerability of the vehi-
cle is maintained in the embodiments illustrated in
FIGS. 3 and 4 in accordance with United Kingdom Pat.
No. 1,547,298 (corresponding to German patent DOS
No. 25 37 229) Wthh 1s incorporated herein by refer-
ence.

Thus, it will be seen that there is provided a tracked
vehicle drive assembly which achieves the various ob-
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jects of the invention and which is well suited to meet
‘the conditions of practical usage.

~ As various changes might be made in the tracked
vehicle drive assembly as above set forth, it is to be
~ understood that all matter herein described or shown in
 the accompanying drawings is to be interpreted as illus-
trative and not in a limiting sense. B

" Having thus described the invention, there is claimed
as new and desired to be secured by Letters Patent:

"~ 1." A drive assembly for a tracked vehicle having

gearing means for propulsion of the vehicle and a steer-

10

ing unit for steering the vehicle, the drive assembly

‘comprising a multiple shaft gas turbine engine, the en-
gine including a working wheel output shaft and a com-
~ pressor-shaft, power input means for operatively inter-
- connecting the gearing means to the engine working
 wheel output shaft and power input means for perma-
" nently interconnecting the steering unit to the compres-

. - sor 'sh'a_'ft'_" and means for selectively drivingly intercon-

- necting the steering unit and the output shaft, the steer-
ing unit being driven solely by the compressor shaft

 during normal engine operation, the steering unit and

output shaft interconnecting means being selectively
.- engageable for continued steerability when the engine

- fails and the gearing means drives the output shaft
- through vehicle inertia whereby the steering unit will
"' be driven for continued vehicle control. * -

15

20

25

2. A drive assembly for a tracked vehicle constructed
 in accordance with claim 1 wherein the means for inter-

- connecting the steering unit and the output shaft com-
prises a clutch. B | -
3. A drive assembly for a tracked vehicle constructed
~ in accordance with claim 1 wherein the means for inter-

connecting the steering unit and the output shaft com-

- prises a summation differential gear. S
4. A drive assembly for a tracked vehicle constructed

in accordance with claim 1 wherein the steering unit

~ comprises an oil motor, the power input means for inter-
connecting the steering unit to the compressor shaft
~ comprises an oil pump and the steering unit and output

" shaft interconnecting means comprises a further oil

pump.

comprises an electric motor, the power input means
interconnecting the steering unit to the compressor
shaft comprises a generator and the steering unit and
‘output shaft interconnecting means comprises a further
_generator. o o
7 6. A drive assembly for a tracked vehicle having
gearing means for propulsion of the vehicle and a steer-
ing unit for steering the vehicle, the drive assembly
comprising a multiple shaft gas turbine engine having a

" pair of shafts, méans for operatively interconnecting the

‘gearing means to one shaft and means for permanently
_ interconnecting the steering unit to the other shaft, a
~ different turbine wheel fixed to and driving each of the
~ shafts, and means for selectively drivingly interconnect-
ing the steering unit and the one shaft, the steering unit

5. A drive assembly for a tracked vehicle constructed
‘in accordance with claim 1 wherein the steering unit

30
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being driven solely by the other shaft during normal

engine operation, the steering unit and one shaft inter-
connecting means being selectively engageable for con-
tinued vehicle steerability when the engine fails and the
gearing means drives the one shaft through vehicle
inertia. -

7. A drive assembly for a tracked vehicle having
gearing means for propulsion of the vehicle and a steer-

ing unit for steering the vehicle, the drive assembly
comprising a multiple shaft gas turbine engine, the en-
gine including a pair of shafts, means for operatively
interconnecting the gearing means to one shaft and
means for operatively interconnecting the steering unit
to another shaft, the steering unit comprising an oil
motor, the means operatively interconnecting the steer-
ing unit to the other engine shaft comprising an oil
pump and means operatively connecting the oil pump to
the other shaft, the steering unit further including a zero
shaft and mearis interconnecting the oil motor with the

zero shaft, the drive assembly further including means
for selectively drivingly interconnecting the o1l motor

with the one shaft, the selectively interconnecting

‘means comprising a further oil pump and means opera-
“tively connecting the further oil pump to the one shaft,

the further oil pump selectively driving the oil motor

for continued steerability when the engine fails and the

gearing means drives the output shaft through vehicle
inertia. |

8. A drive assembly for a tracked vehicle having a
multiple shaft gas turbine engine, a propulsion transmis-
sion operatively driven by a first working turbine of the

~ engine, a superimposed steering gear unit operatively

.35

45

50

535

65

driven by a second working turbine of the engine, an
operator engaged positionable steering control, turbine
speed sensing means and means for adjusting the speed
of one of the working turbines in response to the opera-
tor determined position of the steering control, the
sensing means sensing the speed of the one turbine and
means operatively interconnecting ‘the sensing means

_and the adjusting means, whereby the power required

by the steering gear for steering the vehicle through a
turn is automatically controlled as a . function of the
steering control. | | |

9. A drive assembly constructed in accordance with
claim 8 wherein the means for adjusting the speed of the
one turbine includes means for adjusting such speed in
both a forward and reverse direction of rotation.

10. A drive assembly constructed in accordance with
claim 8 wherein both of the working turbines are con-
structed to generate optimized power output, the one
turbine comprising the second turbine, the adjusting
means further including means for adjusting the first
turbine which drives the propulsion transmission, the
first turbine adjusting means including means for reduc-
ing the power of the first turbine to thereby increase the
power of the second turbine whereby intermittent high
power requirements of the steering unit can be accom-
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